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Tliis invention relates to a method of In- 
fluencing enzymes and technically useful micro- 
organisms, and the like. In the attempts hither- 
to known to have been made with the object of 
stimulating the growth and fermenting action of 
micro-organism* by irradiation use has been 
made of radium emanation, of radioactive sub- 
stances, of X-rays, of ultra-violet rays, and high 
frequency, high tension currents of low intensity. 
The results obtained from tests have led certain 
authors to the conclusion that of the above-men- 
tioned kinds of rays the ultra-violet rays exert 
a pre-eminently Woposltlve effect. 
Investigations have recently been carried out 
W into the effect of electric short waves, ultra short 
waves, and extremely short waves on human and 
animal organs afflicted with Infectious diseases 
(Haase und Schliephake, "Strahlentherapie" 
(Ray Therapeutics), 1931, p. 138; Uebesny, 
20 "Wiener Klinische Wochenschrift' , (Viennese 
Clinical Weekly), 1931, p. 653 and p. 1422; Lie- 
besny and Fuialy, "Wiener Klinische Wochen- 
schrift", 1932, p 249). Bar the purpose of the 
present specification the term "short waves" is 
to be understood as including waves of wave- 
lengths between 120 metres and 6 . metres, the 
term "ultra short waves*' as including waves of 
wave-lengths between 6 metres and 2 metres, and 
the term "extremely short waves" as including 
waves of wave-lengths between 2 metres and 1 J 
millimetres. By irradiation with rays of these 
orders (waves, oscillations) excellent curative re- 
sults have been obtained with purulent and sep- 
tic lesions. It has also been proved that the 
germs of infectious diseases of this nature are de- 
stroyed by irradiation in vitro, or at least are to 
a great extent unpaired and checked, and remain 
so. 

It has also been proposed to preserve food- 
40 stuffs by irradiation with short electromagnetic 
waves. By this method of irradiating foodstuffs 
it is intended to destroy micro-organisms which 
give rise to the deterioration of the foodstuffs. 
Thus in all the known Instances of the employ- 
ment of short Hertzian waves, both for medical 
and for technical purposes, the object has been 
solely and exclusively the impairing and destruc- 
tion of micro-organisms. If in one instance or 
another a beneficial or promoting Influence may 
to *«t have been achieved, such result has been 
obtained In Ignorance of the natural precondi- 
tions and of the relations between these latter 
and the effects obtainable, for which reason any 
such result has been merely a matter of chance 
We have now established, by experiment, the 
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still more surprising fact that the cells of mkro- 
tjQdsJso of higher organisms are not only fur- 
jnered as to their growth and propagation by 
irradiation with the above-mentioned waves, but 
•re also very effectively stimulated as to their 5 
en**nattc. or fermentative, or catalytical action. 
SlL^f*? 06, K/*** touted in accordance 
with the Invention Its budding, that is to say 1U 
propagation, and at the same time its zymase 

itsfermenting power, per cell, can 10 
be increased. The Irradiation thus exerts a fa- 
™*" e ^f^jence in the first place upon the 

S^Jl "2* fungus ^ In the second 
Place upon the action and formation of the en- 
zyme present in the fungus. 15 
' » ta already known to subject cereals 

to tiie action of high frequency current wltha 
view to promoting malt formation. But where- 
as according to a prior proposal very high tension 
currents of voltages of upwards of 1000 volts are 20 
to be employed, the present Invention contem- 
Plates the employment of comparatively low ten- 
sion currents of some hundreds of volts. More- 
over, in contra-dlstinctioh to prior proposals the 
present Invention provides for the employment 2s 
of relatively high current intensities. 

The actual effect achieved by the irradiation, 
has proved to be dependent on various conditions, 
which are adapted to suit the nature of organism 
or agent to be influenced, the material to be 
treated and the degree of the required influ- 
encing. The influencing, in accordance with the 
Invention, of living micro- and other organisms, 
of enzymes, ferments, and the like agents of the 
animal and vegetable body is therefore effected 
by the employment of electro-magnetic short 
waves, ultra-short waves, and extremely short 
waves, whereby the selection of the wave-length 
Is effected with regard for the nature of the or- 
ganism or agent to be influenced, and the re- 
maining factors of the irradiation are deter- 
mined, according to the nature and the quantity 
of the material to be treated and to the degree of 
the required influencing. The adaptation of the 
various conditions to the given factors Is effected 43 
by suitable dosing of the Irradiation which re- 
quires to be determined with very great care. 
Tne significance of the determination of the Inter- 
dependent factors is Illustrated by the fact that 
one and the same kind of matter, when treated 60 
with high frequency currents, will be favorably 
influenced by current of one wave-length and 
deleteriously influenced by current of another 
wave-length, all other conditions being equal 
By alteration of other conditions it is possible for Si 
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the nine Und of matter to bo favorably or dele- 
terlously Influenced when treated with current 
of one and the same wave-length. In determin- 
ing the apportioning or doalng. the wave-length, 
g the lay out of the plant or the apparatus the 
duration of the irradiation, the number cTsepa- 
rate periods of irradiation, the Intensity of the 
current used, the temperature and other pre- 
conditions must be taken Into account. The ir- 
10 radiation is preferably carried out intermittently 
since continuous action produces deleterious ef- 
fects In cases In which the same total duration 
of Intermittent action Is Innocuous. It should 
be noted that the desired Influence may not be 
15 brought about for instance by the Taction of 
temperature. On the contrary, care is taken 
that no appreciable rise in temperature shall oc- 
cur 4uring Irradiation. In Instances In which an 
irradiation of mlco-organlsms Is aimed at the 
20 optimum incubation temperature of the organ- 
ism to be irradiated Is not exceeded. 

The influencing of enzymes of all kinds, and 
ttie like, can be carried out equally wen by irra- 
diation of the physiologically active substances 
25 themselves or by irradiation of the product form- 
. jf* or containing the substance to be Anally In- 
fluenced. Thus, for example, the enzyme as such, 
after having been dissolved from the natural in- 
itial product in water and precipitated from the 
30 solution thus obtained for Instance by the addi- 
tion of alcohol, can be subjected to the irradi- 
ation, or the animal-, vegetable-, or microorgan- 
ism ceU, which forms or contains the active sub- 
stance, can be irradiated. In order, tor example, 
35 to influence diastase, either the isolated amo£ 
phous diastase powder, or equally the seed grain 
of cereals, or grain intended for the preparation 
of malt, or even the malt itself (and that either 
_ $f™ r *' during, or after germination) may be lrra- 
40 dialed. 

The intended influencing of microorganisms 
and other ferments can also be carried out in the 
°/ a 1 t€ .^ hnicaI Process. It can prove ad- 
SS^' £ or ln * tance ' to Influence ferment organ- 
43 terns during the process of fermentation, cheese 

Since, as is well known, it Is also possible to in- 
™ £52? tne <* the waves^on- 

SFSL? 0 ^ may 1)6 **** tor arresting 
° r J** 8 "? oi the development of orgarxlsmsTor 
of the action and formation of enzymes insofar 
as such arrestment or checking la to be effected 

h L™ lntereSt3 01 carryta * out of a deS 
•to process.* 

Th l^? p H caUon of Uradlatlon In accord- 

aS^?.M^f.i? V ^ 0on does not meet with any 
appreciable difficulties, since practically all the 

00 XdTiJhESE to maUng tne apparatus 
???L lndostrles concerned are permeable 
to the waves defined as Included within the scope 
of the present Invention. 

ar^n^2 r f? ng ° Ut of 010 irradiation there 
am ^fnployed the waves produced by a generator 

S^SJSF™? °f U ii tIOnB - AUthesyS, 
oi connections already known In the art can be 
employed for the present purpose. 
0 apportionment of the Irradiation can In 

TO Sfi£!* t mth taTCnU °* also be so deter- 
70 mined that a wave Is employed which Is capable 
.of acting bloposltlvely la regard to one Und of 
^Kf m J >r / g ! nt and "negatively In regard to 
another Und of organism or agent 
7s J^f 6 ? '—Yeast on a solid nutrl- 

» tlve foundation is irradiated in the condenser 
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field of a short wave sender with a 18 metre wave 
at aa Intensity of 180 mOllamperes several tuna, 
^ "J^tee each time, at a temperature 
below 80* c . The irradiated yeast grows so vlgor- 
m * t ', t *** the nutritive foundation Is very soon 8 
com plet ely covered with a dense growth, whereas 
•tiXf 6 * 0 ! MUae ni »Wttve foundation left on- 
•fradlated for purposes of comparison hardly ex- 
bOsiU any sign of commencing growth at the end 
of the same period of time, and under precisely 10 

sS2^ t hf?S tton 1; M^Wto exammaUon 
£?J? t^Jt the cells are in the most vigorous 
f?* B ." f *^°P"»ent A large number at giant • 
^ highly Intensive budding activity. andTOry 
^SJSSPP* I 11 Protoplasm are observable. 10 
„,S^ tatf ? Umvie 2 — A »»ah of carbohydrous 
n^toncea is Inoculated with yeast. andthen 
Irradiated several times for 20 minutes each too 
to tto condenser field of a short wave sender with 
a4 metre wave at an Intensity of 75 mflllamnerea. SO 
Sf.Jf 1 !5^ 1U ^tensive fernSK 
almost immediately after Irradiation, whereasto 
the unirradiated mash, under otherwise meted? 
SSSS^fT* « -^TeomnS 

Practical Example mash of matter em 
with cultivated lactic add organisms Is observed 

f^-f.^u? 8 01 0x0 Product of fermentation 
are ascertainable In the case of the Irradiated 
aash. as compared with the nonwlrradtated « 
mash, similar results occur when masheTm. 
°^i Bted Jlth butyric add. butyl alcohSface- 
tone- and other technically used ferment or- 
ganisms. The same result Is also obtainable if 

Ployed for Inoculating mashes 
« ^Sf 01 '—Lees are Irradiated with 

a 6 metre wave at an intensity of 80 iiuTltampere? 
^ *? se<,u * nt Propagation by Ihelnethoos 
commonly employed in the manufacturing ^ « 
compressed yeast a very consiSto^lh^r 
yield Is obtained than with the moot hL wSSJ 

dTtL nt ^ 5en80 ,/ r f adlated - ^verXTSS 
J?* to better «><1 more porous 

radwteKLw^S 5 -°°"?P«aaed yeast Is lr- 
L< iWi^?. ♦^P lng ' M glven ^er Example 
^wl^l «>=»Pres8ed yeast makes du- 

rable dry yeast of very great fermenting and rata- 
tag power. The same result is obtained if the 65 
compressed yeast be Irradiated during or after 

Practical Example 8V— Aspergillus- Mueor 
and pemclfflum sort,, such « Z£ 

TOr L ona cheese organisms are^r- 
2SSSw\?. an JL! netre wave ^ lOO^iitt- 
amperes both in vitro and In the usual media 
^^°!?a^ia exhibit, after IrreSTon ^ 
considerably richer growth and very consider- « 
ably increased fermenting action, as compared 
with the non-Irradiated organisms! cu ™'» rea 
Practical Example mesh of substances 

containing carbohydrate is taoculated^h^ 
ture yeast and In the course of the fermentation 70 
tous set up is infected with aceUc add hacterta! 
Part of the mash thus treated Is irradiated and 
another part remains unirradiated. £ 
radiation has been malnSS. atorf tto. 
it can be ascertained that the acetic add bactota » 
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have been destroyed, while at the same time the 
yeast has been so promoted In vitality that the 
mash Is caused to ferment violently, and all the 
carbohydrate present is converted into alcohol 

5 In the unirradiated portion the Increasing of the 
acetic add bacteria brings the yeast fermentation 
to a standstill, and the acidity Increases to an 
excessive extent, so that a large part of the hy- 
. drocarbons remains unfermented. 

10 Thus if an alcoholic ferment were to become 
infected, under practical conditions, with harm* 
ful acetic acid bacteria, through inadvertence or 
wrong treatment, the mash can be saved by the 
irradiation given in this example. 

15 Practical Example 8. — A starchy nutritive base 
is inoculated with the amylolytically acting fun- 
gus Aspergillus odyzae, and is irradiated three 
times in succession, at intervals of four hours, 
for twenty minutes each time, with a 4 metre 

20 wave in the condenser field of a short wave 
sender. The fungus develops particularly rapid- 
ly and luxuriantly in comparison with a non-ir- 
radiated culture retained for purposes of check- 
ing and comparison. On the following day the 

26 previously irradiated culture Is again irradiated 
three times in succession, at intervals of four 
hours, for twenty minutes each time, with a 16 
metre wave. This second irradiation brings the 
further development of the fungus completely to 

SO a standstill, while the non-Irradiated compara- 
tive culture continues to grow normally. 

The results mentioned in all the examples 
given can also be obtained when, In consequence 
of any modification or adaptation of the remain- 
Si ing conditions which may happen to become 
necessary, instead of the given wave lengths 
waves of other lengths within or in the vicinity 
of the short wave range should be employed. 
We claim: 

40 1. A method of manufacturing yeast, which 
consists in irradiating ordinary yeast on a nutri- 
tive foundation in a condenser field of about 15 
meters wave length at an intensity of 150 milli- 
amperes repeatedly in. several periods of twenty 

46 minutes each at a temperature below 30" C, 

" whereby the growth of said yeast Is so vigorous 
that said foundation rapidly becomes completely 
covered by dense growth. . 
3. The method of promoting the growth and 

50 activity of yeast, which consists in irradiating 
the yeast on a nutritive foundation in a con- 
denser field ranging from 4 meters to 10 meters 
wave length in several periods, while the material 
irradiated is cooled to such an extent that the 

56 optimal cultivation temperature is not exceeded 
tatracellularly. 

3. The method of promoting the growth arid 
activity of yeast, which consists in irradiating 
the yeast in a condenser field ranging from 4 

oo meters to 15 meters wave length in a single pe- 
riod of a temperature below 30* C. 

4. The method of promoting vigorous fermen- 
tation in mash, which consists in first inoculat- 
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ing with yeast a mash of carbohydrous sub- 
stances, then Irradiating the mash in a con- 
denser field ranging from 4 meters to 15 meters 
wave length in several periods at a temperature 
below 30* C. i 

5. The method of Increasing the yeast yield 
in the manufacturing of compressed yeast, which 
consists in irradiating mother yeast in a con- 
denser field ranging from 4 meters to 15 meters 
wave length in several periods at a temperature 10 
below 30° C. 

6. The method of Increasing the durability, 
raising power, and fermenting power of com- 
pressed yeast, which consists in irradiating com- 
pressed yeast before drying in a condenser field 16 
ranging from 4 meters to 15 meters wave length 

In several periods at a temperature below 30* C. 

7. A method of manufacturing yeast, which 
consists in irradiating yeast on a nutritive foun- 
dation in a condenser field of about 15 meters 80 
wave length repeatedly, in several periods, at a 
temperature below 30° C„ whereby said yeast 
develops richer growth and considerably in- 
creased fermenting action. 

8. The method of promoting the growth and tf 
activity of micro-organisms, characterized by the 
irradiation of said organisms in a condenser field, 
ranging from 4 meters to 15 m. wave length 

in several periods, while the material irradiated 
is cooled to such an extent that the optimal cul- 00 
tivation temperature is not exceeded intracellu- 
larly. 

9. The method according to claim 8 which con- 
sists in Irradiating a medium containing the said 
organisms. 80 

10. The method according to claim 8, in which 
the said organisms are irradiated on a nutrient 
substratum. 

11. The method of promoting fermentation in 
mashes which consists In first inoculating with a 40 
ferment organism a mash of matter fermentable 
by this organism, and then Irradiating the mash 

in a condenser field ranging from 4 meters to 15 
m. wave length, while the material irradiated 
is cooled to such an extent that the optimal cul- 45 
tivation temperature is not exceeded intra- 
cellular^. 

12. The method of enhancing the efficacy of 
the enzymes occurring In micro-organisms 
which consists in isolating such enzymes and ir- at 
radiating them in a condenser field ranging from 

4 meters to 15 m. wave length the temperature 
being maintained not higher than that of the 
optimum activity of the enzyme. 

13. The method of promoting fungus growth af 
which consists in irradiating a fungus on a nu- 
trient substratum in a condenser field ranging 
from 4 meters to 15 m. wave length, while the 
material irradiated Is cooled to such an extent 
that the optimal cultivation temperature Is not 08 
exceeded Intracellular^. 

PAUL UEB BSNY. 
HUOO.WBATHEnC. 
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